The rates of development of Lagenidium giganteum were determined in the four larval instars of Culex quinquefasciatus Say held at 15, 20, 25, 27, 30, and 34°C. The fastest development was in second instars held at 34°; vesicles and oospores occurred in 50% of the larvae (the median development time) 19.7 and 25.0 h, respectively, after infection. The greatest median time to the formation of vesicles was in third instars at 15°C (185.6 h) and for oospores was in second instars at 15°C (152.3 h). The fungus did not form oospores in fourth instars at 15°C. The median developmental rates of vesicles and oospores in each instar were fit to the Sharpe & DeMichele model, which may be used to predict the effects of different temperatures on the in-vivo developmental rate of the fungus.
Lagenidium giganteum Couch is a fungal pathogen potentially useful for biological control of mosquito larvae in a variety of situations (Jaronski & Axtell 1985a , 1984 McCray 1985; Lacey & Undeen 1986; Axtell & Guzman 1987; Guzman & Axtell 1987a,b; Kerwin & Washino 1987 , 1988 . The pathogen's developmental rate in an infected larva affects the rate of recycling and amplification in the host population. Temperature, as well as host species, strain, age, and other factors, affect the rate of development of an insect pathogen (e.g., Johnson et al. 1982 , Carruthers et al. 1985 . Jaronski & Axtell (198Sb) reported on the effect of temperature on the rate of infection and reproductive success of L. giganteum in second and third instars of Culex quinquefasciatus Say, but not on the rates of development of the fungus in the larvae at different temperatures.
We determined the effect of temperature and host age at infection on the rates of development of L. giganteum to the vesicle and oospore stages in the four larval instars of Cx. quinquefasciatus. The Sharpe & DeMichele (1977) model was used to describe these rates. Brey (1985) presents a detailed description and illustrations of the stages in the formation of vesicles (asexual cycle) and 00-spores (sexual cycle).
Materials and Methods
Because Jaronski & Axtell (198Sb) showed that infection of Cx. quinquefasciatus larvae by L. giganteum was inhibited at temperatures outside the 15-S5°C range, we measured the rate of development of the fungus in Cx. quinquefasciatus larvae held in incubators at constant temperatures (:t 1°C) of 15, 20, 25, SO,and S4°C and in a constant temperature room at 27°C (:t 1°C). Continuous lighting was provided in all experiments.
Culturing. The California isolate of L. giganteum (obtained in 1987 from J. Kerwin, University of California, Davis) was maintained and subcultured routinely in our laboratory on a medium of water extract of ground sunflower seed (SFE) as previously described (Jaronski & Axtell 1984 , Guzman & Axtell 1986 ). Cultures were grown in 100 ml of medium in 500-ml Erlenmeyer flasks on a rotary shaker (100 rpm) for 7 d at 26 :t S°c. Aliquots (0.5 ml) of the 7-d-old fungus culture were used to inoculate SFE agar Petri plates (10 mm diameter), which were incubated at 26 :t SOCfor S d and then stored at 15 :t 1°C until needed for the experiments.
Zoospore Production. When zoospores were needed for infecting mosquito larvae, four SFE agar plates were removed from storage, examined to determine that the fungus was well developed, and placed in shallow enamel pans (40 by 25 by 7 cm) containing Sliters of deionized water to induce vesicle and zoospore formation. At 26°C, motile zoospores were observed about 12 h after the plates were placed in water and were most abundant at 14-18 h after immersion.
Infection Procedure. Larvae of Cx. quinquefasciatus were from a laboratory colony established about 1 yr previously from egg rafts collected near Raleigh, N.C. Newly molted mosquito larvae (about 1,000 per pan) of the desired instar were put in the pan with the fungus at the time of peak zoospore production (about 105 zoospores per ml) and removed 2 h later. This procedure resulted in 100% of the larvae being infected. Because the objective Values in parentheses are numbers of vesicle-bearing larvae at observation times when they were most abundant. I of our study was to observe postinfection development, this method for infecting hosts was acceptable, even though each larva was infected by several zoospores.
Data Collection. Forty-five 12-well tissue culture plates, with each 4-cc well containing a newly infected first instar, were placed in each incubator and in the constant-temperature room. Each well contained 3 ml of deionized water and 0.25 ml of a 35-mg/mlliver powder slurry. For each of the other instars, 61 plates were prepared for each temperature.
For each instar and temperature, five plates were used for monitoring and not for data collection. These plates were removed periodically; larvae were examined under a microscope to determine the stage of fungal development and returned to the incubator.
As the fungus in these monitoring plates progressed from the vegetative mycelial, presporangial, and discharge tube stages to the vesicle formation stage, the intervals at which those plates were removed for observation were shortened from 24 h to as little as 0.5 h, depending on the temperature.
These observations of the monitoring plates allowed us to remove the remaining plates at appropriate times so that there were at least five data collection times before and after peak vesicle formation for each instar and temperature. At each observation time, four plates were removed from each incubator and the constanttemperature room, and eight larvae, randomly selected from each plate, were examined microscopically. With this procedure, data were collected using larvae that were removed only once from the holding temperature.
The abundance of vesicles or oospores or both were rated on a scale of 0 to 5 as follows: 0, none present; 1, 1-5; 2, 6-10; 3, 11-50; 4, 51-100; and 5, > 100 vesicles or oospores per larva.
The midpoint between two observation times (hours after infection) was defined as the median developmental time (VT50 and OT50 for vesicles and oospores, respectively) if the number of larvae containing vesicles or oospores increased during the interval to at least 50% of the maximum number of larvae that eventually possessed those stages. Schoolfield et al. (1981) . To test the model using variable temperatures, the rate of development of the fungus was determined, using the procedures described above, un- in Table 1 . The developmental times generally decreased with increasing temperature and were greater in later instars than in early instars. Except for vesicle production at 15°C and oospore formation at 34°C, >90% of the infected first instars had vesicles and oospores at one or more observation times at each temperature.
At no temperature did the fungus form vesicles or oospores in >75% of the infected fourth instars.
At the observation times when the numbers of larvae with vesicles were highest, the ratings of vesicle abundance were generally higher in the third and fourth ins tars than in the earlier ins tars, except at 15°C (Table 2) . Vesicle ratings were low in larvae of all ages at 15°C. The duration of vesicle formation decreased with increasing temperature (Table 3) . Vesicle formation occurred during a shorter period of time in the first and second instars than in third and fourth instars.
The mean ratings for oospore abundance did not differ substantially among the various ins tars and temperatures.
At the observation times when the numbers of larvae with oospores were highest, mean oospore ratings ranged from 1.00 to 1.88 in all cases except for fourth instars at 15 and 30°C. At 15°C, oospores did not form in any of the fourth instars. At 30°C, the mean oospore rating was 2.38 in the fourth instars when a maximum of 8 of 32 larvae were observed to have oospores.
The observed and predicted hours required for the fungus to develop vesicles (VTso) or oospores (OTso) in 50% of the maximum number of larvae in which those stages occurred are given in Table  1 . The predicted values were calculated with the (Table 4 ). The equation with those parameters gave a curve of predicted values that fit the observed data well overall (r2 = 0.90-0.97 for vesicles and r2 = 0.88-0.96 for oospores in the various larval stages) as illustrated in Fig. 1 and 2. The differences between the observed and predicted VTso and OTso values were generally smaller at high temperatures and larger at low temperatures. At low temperatures, the lower percentages of larvae producing vesicles and oospores (Table  1) and low vesicle ratings (Table 2) indicate the slow and erratic development of the fungus at 15°C. Data from the variable-temperature experiment were in general agreement with the model predictions (Table 5) . Overall, vesicle formation was more predictable than oospore formation. This is consistent with the findings of Kerwin & Washino (1987) , which showed that the formation, persistence, germination, and degeneration of oospores is less predictable than vesicle production. The Sharpe & DeMichele model with our parameter estimates provides reasonable predictions of the developmental rates of L. giganteum in Cx. quinquefasciatus larvae at any temperature. Thus, it can be used in a simulation model with variable temperature input to predict fungal developmental rates in larvae in natural habitats. The validity of the model and parameter estimates for predicting the temperature-dependent rates of fungal development also should be determined in other species of mosquitoes because minor changes in the parameters may be needed to fit each observed data matrix. This model may be used together with the temperature-dependent development rates of the host mosquito species (e.g., Rueda et al. 1991) in computer models to simulate mosquito-pathogen population dynamics. Obviously, these simulation models should include the effects of other factors, in addition to temperature; e.g., differences in host susceptibility, fungal strain differences in virulence, zoospore survival rates, oospore germination rates, water quality, and the effect of other organisms.
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